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A polarisation state insensitive optical dis- 
criminator is provided by a Mach Zehnder inter- 
ferometer (21, 22, 23, 24) constructed in 
polarisation preserving optical fibre, and two 
optical fibre polarisation beam splitters (20, 25). 
Each polarisation beam splitter is interconnec- 
ted with the interferometer in such a way that its 
two orthogonally polarised outputs are laun- 
ched to opposite ends of the interferometer 
with the same state of polarisation. 
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This invention relates to optical discriminators. 
Among the uses to which such discriminators may be 
put, attention is particularly drawn to those described 
in GB 2 107 147 A in which amplitude modulation of 
the optical output of an injection laser is provided by 5 
modulating that laser so as to induce frequency mod- 
ulation with relatively small accompanying amplitude 
modulation depth, and this output is then passed 
through the discriminator to convert the frequency 
modulation to amplitude modulation with an en- w 
hanced modulation depth. This manner of achieving 
amplitude modulation with a substantial modulation 
depth can be advantageous in providing a signal of re- 
duced spectral width compares with that produced by 
direct amplitude modulation of the injection laser out- 1 5 
put, and this is potentially useful in high bandwidth 
long distance transmission systems in which band- 
width or distance is achieved by dispersion effects. 

Optical discrimination can be provided by the 
classical form of Mach Zehnder interferometer in 20 
which a first partial reflector divides an input signal 
equally into two beams which propagate for slightly 
different distances before being optically interfered at 
a second partial reflector. Interference at the second 
partial reflector is only complete if the two interfering 25 
beams have identical states of polarisation (SOP's). 
In the classical form of Mach Zehnder interferometer 
the light propagates in tree space in its two limbs that 
extend from the first partial reflector to the second, 
and so the interfering beams do have matching 30 
SOP's. A Mach Zehnder interferometer can also be 
formed in optical fibre format by connecting a pair of 
2x2 optical fibre 3dB couplers optically in tandem with 
the two output ports of the first 3dB coupler connected 
by two optical fibre links of unequal length to the two 35 
input ports of the second 3dB coupler. Birefringence 
can be introduced into circularly symmetric single (de- 
generate) mode optical fibre by bending it or twisting 
it, and therefore an optical fibre format of Mach Zehn- 
der may include a certain amount of birefringence in 40 
its two limbs. If the birefringence is not the same in the 
two limbs, the SOP's at the second 3dB coupler may 
not be matched, in which case interference is incom- 
plete - and in the worst possible case may have or- 
thogonal SOP's, in which case there is no interfer- 45 
ence whatever. 

When polarised light propagates in a certain di- 
rection through birefringent material its SOP does not 
in general remain constant, but evolves in a manner 
that is conveniently described with reference to a 50 
Poincar6 sphere as depicted in Figure 1. On this 
sphere the points H and V represent horizontally and 
vertically polarised states, the points L and R repre- 
sent left-handed and right-handed circularly pola- 
rised states, and the points P and Q represent two lin- 55 
early polarised states with polarisation planes in- 
clined at 45° to the horizontal and vertical planes. 
Each possible state of elliptically polarised light is sim- 



ilarly represented by some point on the sphere tying 
between the equatorial great circle through HQVP 
and the two poles L and R. Thus on the Poincare 
sphere all orthogonally polarised states are repre- 
sented by diametrically opposed points on the sphere. 
For light propagating in a particular direction through 
a birefringent medium there are two particular ortho- 
gonal SOP's, known as eigenstate SOP's, which will 
propagate without change of SOP. Light launched into 
the medium in that particular direction with any other 
SOP will propagate through the medium with its SOP 
steadily evolving in a manner that describes a circle 
on the Poincare sphere that passes through the start- 
ing point SOP and lies in a plane normal to the eige- 
naxis that joins the two eigenstate SOP's. 

Therefore, if there is birefringence in the two limbs 
of a Mach Zehnder interferometer, it can still function 
on its own as an efficient optical discriminator provid- 
ed that it is arranged that the light is launched so that 
it propagates in the two limbs with eigenstate SOP's, 
or if the birefringence is arranged so that the SOP's 
evolve in the two limbs in a manner providing match- 
ing SOP's at the far end. 

The present invention is directed to a design of 
discriminator which incorporates a form of Mach 
Zehnder interferometer with birefringent limbs, but 
which is capable of operation with any arbitrary input 
SOP to the discriminator and does not have to have 
its limbs adjusted to alter their relative birefringence 
to produce matching SOP's at the far ends of those 
limbs of the Mach Zehnder interferometer. 

According to the present invention there is provid- 
ed a polarisation state insensitive optical discrimina- 
tor having a Mach Zehnder interferometer with bire- 
fringent optical fibre limbs. 

The invention further provides a polarisation state 
insensitive optical discriminator having a Mach Zehn- 
der interferometer with birefringent limbs optically in- 
terconnected with two polarisation beam splitters 
such that an optical signal of arbitrary state of polari- 
sation (SOP) launched into one port of either polari- 
sation beam splitter is separated into two orthogonally 
polarised components and launched into the Mach 
Zehnder interferometer to propagate with substantial- 
ly the same SOP in opposite directions through its two 
limbs, which SOP is substantially matched with one of 
the birefringence eigenstate SOP's of those limbs of 
the Mach Zehnder interferometer. 

The Mach Zehnder interferometer with birefrin- 
gent limbs may conveniently be a Mach Zehnder in- 
terferometer constructed in optical fibre format using 
polarisation preserving optical fibre. The two polarisa- 
tion beam splitters may similarly be constructed in 
optical fibre format, and may also be constructed us- 
ing polarisation preserving optical fibre. 

There follows a description of a polarisation state 
insensitive optical discriminator embodying the inven- 
tion in a preferred form. The description refers to Fig- 
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tire 2 of the accompanying drawings in which:- 
Figure 1 is a Poincar6 sphere diagram, and 
Figure 2 is a schematic diagram of the discrimi- 
nator. 

The two 3dB beam splitters of the Mach Zehnder 5 
interferometer of Figure 2, and the two associated po- 
larisation beam splitters, are all constructed in optical 
fibre format using the progressive stretching method 
of making fused fibre tapered couplers that is descri- 
bed in GB 2 1 50 703 A to which attention is directed. 10 
GB 2 150 703 A describes how its progressive stretch- 
ing method can be continued beyond the point at 
which the coupling is first strong enough to produce 
3dB coupling, while GB 2 170 920 A describes how it 
can be continued to the point at which the resulting 
coupler acts as a polarisation beam splitter. Both 
these specifications describe the application of the 
progressive stretching method of making fused cou- 
plers to the manufacture of such couplers using single 
(degenerate) mode circularly symmetric fibre, while 
GB 2 1 90 762 A explains how the progressive stretch- 
ing method can fail to produce satisfactory results 
when attempting to make couplers using certain types 
of high birefringence polarisation preserving fibre. In 
particular, GB 2 1 90 762 Adescribes how this problem 25 
can be circumvented by splicing in a stub length of cir- 
cularly symmetric single mode fibre into each of the 
two lengths of polarisation preserving fibre from 
which it is intended to produce a progressively 
stretched fused fibre tapered coupler, and then ar- 30 
ranging that the progressive stretching shall be con- 
fined to the region of the two spliced in stub lengths. 
The lack of satisfactory results, when attempting to 
form progressively stretched fused fibre tapered cou- 
plers directly from certain types of high birefringence 35 
fibres, results from the use of stress inducing fila- 
ments in the optical claddings of those fibres that 
have a refractive index significantly greater than that 
of the cladding in which they are embedded. This pro- 
duces unacceptable attenuation became power is 40 
coupled into modes that take account of the wave- 
guiding structure that is provided by those filaments. 
Instead of having recourse to the use of stub length 
of circularly symmetric single mode fibre to overcome 
this problem, it may alternatively be overcome by the 45 
use of type of birefringent fibre that is less highly bi- 
refringent, and hence may be characterised as 'me- 
dium birefringent', and which employs, embedded in 
the cladding, stress inducing filaments that have a re- 
fractive index matched with that of the cladding. With so 
this type of medium birefringence fibre it is possible 
to make, without recourse to stub lengths of circularly 
symmetric single mode fibre, satisfactory fused fibre 
tapered couplers not only of the conventional 3dB 
beam splitter type, but also of the polarisation beam 55 
splitting type. 

Referring to Figure 2, the input to the optical dis- 
criminator is provided by one input port 20a of an opt- 



ical fibre polarisation beam splitter 20. The two output 
ports 20c and 20d of the optical fibre polarisation 
beam splitter 20 are respectively coupled by splices 
26c and 26a to ports 22c and 21a of a Mach Zehnder 
interferometer formed by two 3dB optical fibre beam 
splitters 21 and 22 connected by optical fibre limbs 23 
and 24 of unequal optical path length which respec- 
tively link ports 21c and 21 d of 3dB beam splitter 21 
with ports 22a and 22b of 3dB beam splitter 22. Sim- 
ilarly the output of the discriminator is provided by one 
output port 25d of an optical fibre polarisation beam 
splitter 25 having input ports 25a and 25b respectively 
coupled by splices 26d and 26b to port 22d of 3dB 
coupler 22 and to port 21b,of 3dB coupler 21. 

The two 3dB couplers 21 and 22 of the Mach 
Zehnder interferometer, and its two limbs 23 and 24, 
are constructed of polarisation preserving fibre so 
that polarisation state is preserved from port to port 
of the device. Preferably the polarisation preserving 
fibre is of the medium birefringence type that allows 
fused fibre tapered couplers to be constructed from 
that fibre, but it can alternatively be made of other 
types of polarisation preserving fibre for which direct 
construction is not possible, and which therefore re- 
quire the splicing in of stub lengths of circularly sym- 
metric single mode fibre from which to make the cou- 
pling regions in the manner described in GB2 190 762 
A. 

Known forms of polarisation preserving optical fi- 
bre exhibit linear birefringence, and so the two eigen- 
state SOP's for light propagating along such fibre are 
orthogonally related linear SOP's which can be char- 
acterised as polarised in the plane that contains the 
axes of the stress inducing filaments of the fibre (I po- 
larised), and the other as polarised perpendicular to 
that plane (P polarised). If an I polarised signal of a 
certain frequency is launched into the Mach Zehnder 
interferometer by way of port 21a, then this signal will 
be divided equally between limbs 23 and 24 which will 
convey the two portions to 3dB coupler 22 where 
there will be total interference since two portions have 
exactly matching SOP's. This will produce a sharing 
of an output signal of the Mach Zehnder interferom- 
eter between ports 22c and 22d in a proportion de- 
pendent upon the phase difference produced by the 
difference in optical path length of the two limbs 23 
and 24. Similarly, if a P polarised signal of the same 
frequency is launched into the Mach Zehnder interfer- 
ometer by way of port 21a, this will produce a sharing 
of an output signal between ports 22c and 22d in a 
proportion dependent upon the phase difference pro- 
duced by the difference in optical path length of the 
two limbs 23 and 24. The difference in physical path 
length is the same in both instances but, because the 
fibres are birefringent, the difference in optical path 
length (being the product of physical path length with 
effective refractive index) is different in the two in- 
stances Therefore the division of optical power be- 
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tween the two ports 22c and 22d will in general be dif- 
ferent for the two polarisations. It is clear therefore 
that the Mach Zehnder interferometer will not work on 
its own as an optical discriminator for input signals of 
all different SOP's but will only work for the two bire- 
fringence eigenstate SOP's I and P. 

The function of a polarisation beam splitter is to 
separate a signal applied to one of its input pots into 
two orthogonally polarised components which issue 
from separate output ports. In the case of known 
forms of optical fibre polarisation beam splitters these 
two components may be characterised as linear 
SOP's and, it the polarisation beam splitter is con- 
structed using polarisation preserving optical fibre 
(with or without circularly symmetric single mode fibre 
stubs for the coupling region) these two SOP's are the 
I and P SOP's to which previous reference has been 
made in connection with the Mach Zehnder interfer- 
ometer. 

In the case of polarisation beam splitter 20 it is as- 
sumed by way of example that, for a signal S applied 
to input port 20a, the I polarised component emerges 
from port 20d. Therefore, if the signal S applied to port 
20a can be resolved into an I polarised component S A 
and a P component S B , then the signal to emerge from 
port 20c is S A , and is I polarised. This signal is desig- 
nated S A(I ), where the suffix within parenthesis desig- 
nates the SOP of the signal. Correspondingly the sig- 
nal to emerge from port 20d is S B(P) . 

The signal S A (i> emerging from port 20c of polari- 
sation beam splitter 20 is launched into port 22c of the 
Mach Zehnder interferometer via splice 26c. In this 
splice 26c, and also in splice 26b, the fibres are 
spliced with the two fibres in a relative orientation in 
which the plane in one fibre that contains the axes of 
its stress inducing filaments is coplanar with the cor- 
responding plane in the other fibre. This form of splice 
will be referred to as a "straight" splice (indicated in 
Figure 2 by *=') to distinguish it from the form of splice 
employed for splices 26a and 26d, which will be refer- 
red to as "90° twist" splices (indicated in Figure 2 
by 'x'), where the relative orientation of the two fibres 
is such that the plane in one fibre that contains the 
axes of its stress inducing filaments is at 90° to the 
corresponding plane in the other fibre. Since splice 
26c is a "straight" splice, the signal S A{)> emerging 
from port 20c of polarisation beam splitter 20 is 
bunched into port 22c of the Mach Zehnder interfer- 
ometer to continue as an I polarisation state signal, 
the signal S A(1) , in the fibre of port 22c. In the case of 
the signal S B(P) emerging from port 20d of polarisation 
beam splitter 20, this signal S b <p) is launched into port 
21a of the Mach Zehnder interferometer via splice 
26a which is a "90° twist" splice. Therefore the signal 
S B( p) emerging from port 20d of polarisation beam 
splitter 20 is launched into port 21a, not as a P polar- 
isation signal, but as an I polarisation signal. Thus the 
signal S B( p) emerging from port 20d of polarisation 



beam splitter 20 is launched into port 21a as the sig- 
nal S B( i). 

Considering first the signal S A( u launched into 
port 22c of the Mach Zehnder interferometer, this sig- 

5 nal is launched with an SOP corresponding to one of 
the birefringence eigenstates (eigenstate I) of the in- 
terferometer. Therefore the 3dB beam splitter 22 will 
divide S A(t) into two equal amplitude portions launch- 
ed respectively into limbs 23 and 24 to emerge with 

10 matching SOP's at ports 21c and 21 d of 3dB beam 
splitter 21. The two portions interfere in 3dB beam 
splitter 21 to produce an output x.S A()) from port 21b 
and an output (1-x) Sy^ from port 21a, where x is a 
factor lying in the range from 0 to 1 whose magnitude 

15 depend upon the phase relationship between the in- 
terfering signals. 

Similarly signal S B( i> launched into port 21 a of the 
Mach Zehnder interferometer is directed by the 3dB 
beam splitter 21 into two equal amplitude portions 

20 launched respectively into limbs 23 and 24 to emerge 
with matching SOP's at the ports 22a and 22b of 3dB 
beam splitter 22. Here they interfere to produce an 
output x.S B(l) from port 22d and an output (1-x) S B( d 
from port 22c. The factor x is the same in both instanc- 

25 es because the physical path length difference is the 
same in both instances, as are the propagating 
modes, thereby providing the same optical path 
length difference and hence the same phase relation- 
ship between the interfering signals. 

30 Signal x.S A( d emerging from port 21b of 3dB 

beam splitter 21 is coupled to port 25b of polarisation 
beam splitter 25 via splice 26b, which is a straight 
splice, and so the signal is launched into port 25b as 
x.S A( i). Correspondingly, signal x.S B( |) emerging from 

35 port 22d of 3dB beam splitter 22 is coupled to port 25a 
of polarisation beam splitter 25 via splice 26d, which 
is a "90° twist" splice, and so the signal is launched 
into port 25a as x.S B(P) . The polarisation beam splitter 
25 combines the signal applied to its ports 25a and 

40 25b to emerge as the combined signal x (S^ + S B(P) 
from its output port 25d. 

It can be readily verified that the parts of the sig- 
nal (1-x) S A(I) and (1-x) S B(I) , respectively emerging 
from ports 21a and 22c of the Mach Zehnder interfer- 

45 ometer, are also combined to form the signal (1- 
x)(S A( i) + S B(P) which emerges from port 20a of polar- 
isation beam splitter 20. 

It has previously been stated that the polarisation 
beam splitters 20 and 25 are made of polarisation pre- 

50 serving fibre with or without circularly symmetric sin- 
gle mode fibre stubs forthe coupling region. However, 
since preservation of SOP is not generally a required 
feature for the light launched into the discriminator via 
its polarisation beam splitter 20 until the coupling re- 

55 gion is reached, or similarly for the light emerging 
from the discriminator via its polarisation beamsplitter 
25, it can be seen that there is no need for ports 20a 
and 20b, or ports 25c and 25d, to be constructed in 
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polarisation preserving fibre rather than circularly 
symmetric single mode fibre. Accordingly, these two 
polarisation beam splitters can each be constructed 
from a pair of fibres each consisting of a length of cir- 
cularly symmetric single mode fibre spliced to a 5 
length of polarisation preserving fibre. In such in- 
stances the coupling region is created adjacent the 
splices. If the polarisation preserving fibre is of the 
high birefringence type with index mismatched stress 
inducing filaments, the coupling region will of course 10 
have to be on the circularly symmetric single mode fi- 
bre side of the splices. 



Claims 15 

1. A polarisation state insensitive optical discrimina- 
tor having a Mach Zehnder interferometer with bi- 
refringent optical fibre limbs. 

20 

2. An optical disciminator which includes a Mach 
Zehnder interferometer, (21, 22, 23, 24), charac- 
terised in that the discriminator is polarisation 
state insensitive, its interferometer having bire- 
fringent limbs (23, 24) optically interconnected 25 
with two polarisation beam splitters (20, 25) such 

that an optical signal (S) of arbitrary state of po- 
larisation (SOP) launched into one port (20a, 20b T 
25c, or 25d) of either polarisation beam splitter is 
separated into two orthogonally polarised com- 30 
ponents and launched into the Mach Zehnder in- 
terferometer to propagate with substantially the 
same SOP in opposite directions through its two 
limbs, which SOP is substantially matched with 
one of the birefringence eigenstate SOP's of 35 
those limbs of the Mach Zehnder interferometer. 

3. A polarisation state insensitive optical discrimina- 
tor as claimed in claim 2, wherein the Mach Zehn- 
der interferometer is an optical fibre interferom- 40 
eter. 

4. A polarisation state insensitive optical discrimina- 
tor as claimed in claim 3, wherein the polarisation 
beam splitters are optical fibre polarisation beam 45 
splitters. 

5. An optical transmission system including at least 
one polarisation state insensitive optical discrim- 
inator as claimed in any preceding claim. so 

6. An optical transmission system including an in- 
jection laser, and modulation means adapted to 
provide a frequency modulated optical output 
from said laser, wherein the frequency modulated 55 
output is applied to a discriminator as claimed in 

any claim of claims 1 to 4. 
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